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2XWOLQH2XWOLQH��Fermilab

Various Magnet Designs InvestigatedVarious Magnet Designs Investigated

Dipole Model FabricationDipole Model Fabrication

Cable Insulation and WrappingCable Insulation and Wrapping

Coil Winding, Curing and MeasuringCoil Winding, Curing and Measuring

Coil Assembly and ReactionCoil Assembly and Reaction

Coil ImpregnationCoil Impregnation

Mechanical AnalysisMechanical Analysis

Single Bore DesignSingle Bore Design

2-in-1 Designs2-in-1 Designs

SummarySummary
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0DJQHW�'HVLJQV0DJQHW�'HVLJQV��Fermilab

����6LQJOH�%RUH�1E����6LQJOH�%RUH�1E
��
6Q�&RV6Q�&RVθθ�'LSROH�0DJQHW�'HVLJQ�'LSROH�0DJQHW�'HVLJQ

Two Layer Coil Structure
Aluminum Bronze End Spacers and Poles
Aluminum Spacers
Vertically Split Iron Yokes
Aluminum Clamps
Stainless Steel Skins 
Stainless Steel Skin Alignment Keys
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��Fermilab
0DJQHW�'HVLJQV��6LQJOH�%RUH�'HVLJQ0DJQHW�'HVLJQV��6LQJOH�%RUH�'HVLJQ

'HVLJQ�)HDWXUHV'HVLJQ�)HDWXUHV
••    Nb3Sn Conductor Wind and React approach

•  Ceramic Insulation with Ceramic Binder

•  No interlayer Splice

•  Simultaneous Reaction and Impregnation of two Half-Coils

•  Spacers instead of Collars

•  Vertical Gap between the two Iron Halves remains open
•  Coil Prestress provided by aluminum clamps and Skin

'HVLJQ�5HTXLUHPHQWV'HVLJQ�5HTXLUHPHQWV
•  Coil azimuthal prestress not to exceed 150 MPa

•  Coil should remain under compression at all stages of the magnet

•  Insulation capable of withstanding high reaction temperature
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0DJQHW�'HVLJQV0DJQHW�'HVLJQV FRQW���FRQW���

������������--�LQ��LQ�--��1E��1E
��
6Q�&RV6Q�&RVθθ�:DUP�,URQ�'LSROH�0DJQHW�'HVLJQ�:DUP�,URQ�'LSROH�0DJQHW�'HVLJQ

��Fermilab
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��Fermilab

������������--�LQ��LQ�--��1E��1E
��
6Q�&RV6Q�&RVθθ�&ROG�,URQ�'LSROH�0DJQHW�'HVLJQ�&ROG�,URQ�'LSROH�0DJQHW�'HVLJQ

0DJQHW�'HVLJQV0DJQHW�'HVLJQV FRQW���FRQW���

Same Coil Block Structure was used
for all three different Designs

Before going on to the mechanical
analysis it is important to understand
the coil fabrication procedure.
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&RLO�)DEULFDWLRQ�3URFHGXUH&RLO�)DEULFDWLRQ�3URFHGXUH��Fermilab

6WHSV6WHSV
1. Cable Cleaning

2. Cable Insulation

3. Ceramic Binder Application and Curing

4. Inner Coil Winding

5. Application of binder to the Inner coil

6. Inner Coil Curing

7. Interlayer Insulation with Strip Heater

8. Outer Coil Winding on top of Inner coil

9. Application of binder to the Outer coil

10. Inner and Outer Coil Curing

11. Coil Assembly, Reaction and Impregnation
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,QVXODWLRQ�:UDSSLQJ�DQG�%LQGHU�$SSOLFDWLRQ,QVXODWLRQ�:UDSSLQJ�DQG�%LQGHU�$SSOLFDWLRQ
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,QQHU�&RLO�:LQGLQJ,QQHU�&RLO�:LQGLQJ��Fermilab

)LUVW�,QQHU�&RLO�EHIRUH�&XULQJ)LUVW�,QQHU�&RLO�EHIRUH�&XULQJ

5HWXUQ�(QG5HWXUQ�(QG /HDG�(QG/HDG�(QG
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,QQHU�&RLO�&XULQJ,QQHU�&RLO�&XULQJ��Fermilab

 Note: Coil was cured at 150 oC for 30 min. The curing pressure was 40 MPa 

&XUHG�&RLO&XUHG�&RLO

5HWXUQ�(QG5HWXUQ�(QG /HDG�(QG/HDG�(QG
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,QWHUOD\HU�,QVXODWLRQ�ZLWK�6WULS�+HDWHUV,QWHUOD\HU�,QVXODWLRQ�ZLWK�6WULS�+HDWHUV��Fermilab

7RROLQJ�WR�PDNH�LQWHUOD\HU�LQVXODWLRQ

,QWHUOD\HU�,QVXODWLRQ�ZLWK�6WULS�+HDWHUV

0LGGOH�OD\HU�RI�LQVXODWLRQ�ZLWK�KHDWHU�VWULSV
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2XWHU�&RLO�:LQGLQJ�DQG�&XULQJ2XWHU�&RLO�:LQGLQJ�DQG�&XULQJ��Fermilab

$IWHU�&XULQJ$IWHU�&XULQJ
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'LSROH�0RGHO���7ZR�+DOI�&RLOV'LSROH�0RGHO���7ZR�+DOI�&RLOV��Fermilab

445.4 mm 343.8 mm210.8 mm
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$]LPXWKDO�&RLO�6L]H�0HDVXUHPHQWV$]LPXWKDO�&RLO�6L]H�0HDVXUHPHQWV��Fermilab
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��Fermilab 7XUQ�7XUQ�- - WR�WR�- - 7XUQ�5HVLVWDQFH�0HDVXUHPHQWV7XUQ�5HVLVWDQFH�0HDVXUHPHQWV
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&RLO�$VVHPEO\�DQG�5HDFWLRQ&RLO�$VVHPEO\�DQG�5HDFWLRQ��Fermilab

&RLOV�ZLWK�*URXQG�,QVXODWLRQ�DQG�2XWHU�3ROH�3LHFHV&RLOV�ZLWK�*URXQG�,QVXODWLRQ�DQG�2XWHU�3ROH�3LHFHV

&RLOV�$VVHPEOHG�LQ�WKH�5HDFWLRQ�)L[WXUH&RLOV�$VVHPEOHG�LQ�WKH�5HDFWLRQ�)L[WXUH

&XUUHQW�6WDWXV&XUUHQW�6WDWXV

••  The reaction fixture has been assembled and placed in a Retort  The reaction fixture has been assembled and placed in a Retort

••  The retort is now being pumped for vacuum  The retort is now being pumped for vacuum

••  Coil Reaction is expected to start by the end of the week and last for  Coil Reaction is expected to start by the end of the week and last for
12 days. Note that the peak temperature is 700 C12 days. Note that the peak temperature is 700 C
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5HDFWHG�+DOI�&RLO��3UDFWLFH�KDOI�&RLO���5HDFWHG�+DOI�&RLO��3UDFWLFH�KDOI�&RLO�����Fermilab

*RRG�%RQGLQJ�%HWZHHQ�WKH�WXUQV�HYHQ*RRG�%RQGLQJ�%HWZHHQ�WKH�WXUQV�HYHQ
DIWHU�5HDFWLRQDIWHU�5HDFWLRQ

:H�ZHUH�DEOH�WR�KDQGOH�WKH�FRLO�HDVLO\:H�ZHUH�DEOH�WR�KDQGOH�WKH�FRLO�HDVLO\
DQG�HYHQ�SHUIRUP�VL]H�PHDVXUHPHQWV�XQGHUDQG�HYHQ�SHUIRUP�VL]H�PHDVXUHPHQWV�XQGHU
SUHVVXUHSUHVVXUH

Lead End

Return End
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��Fermilab

Before and After Reaction: Practice Half Coil #2

$]LPXWKDO�&RLO�6L]H�0HDVXUHPHQWV$]LPXWKDO�&RLO�6L]H�0HDVXUHPHQWV
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6KRUW�7HUP�6FKHGXOH6KRUW�7HUP�6FKHGXOH��Fermilab

3UDFWLFH�&RLO�,PSUHJQDWLRQ�3UDFWLFH�&RLO�,PSUHJQDWLRQ� -XQH����������-XQH����������

&RLO�$VVHPEO\�DQG�5HDFWLRQ���&RLO�$VVHPEO\�DQG�5HDFWLRQ��� -XQH����������-XQH����������

'LSROH�0RGHO�'LSROH�0RGHO�--���,PSUHJQDWLRQ����,PSUHJQDWLRQ� -XO\���������-XO\���������

7HFKQRORJLFDO�0RGHO�$VVHPEO\�7HFKQRORJLFDO�0RGHO�$VVHPEO\� -XO\���������-XO\���������

'LSROH�0RGHO�'LSROH�0RGHO�--���$VVHPEO\����$VVHPEO\� $XJXVW���������$XJXVW���������

'LSROH�0RGHO�'LSROH�0RGHO�--���7HVWLQJ����7HVWLQJ� (QG�RI�$XJXVW������(QG�RI�$XJXVW������
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7HFKQRORJLFDO�0RGHO7HFKQRORJLFDO�0RGHO��Fermilab

0RGHO�%HIRUH�5HDFWLRQ�0RGHO�%HIRUH�5HDFWLRQ� 0RGHO�$IWHU�5HDFWLRQ�0RGHO�$IWHU�5HDFWLRQ�
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7HFKQRORJLFDO�0RGHO7HFKQRORJLFDO�0RGHO��Fermilab

0RGHO�$IWHU�,PSUHJQDWLRQ�0RGHO�$IWHU�,PSUHJQDWLRQ� 0RGHO�ZLWK�<RNH�$VVHPEO\�0RGHO�ZLWK�<RNH�$VVHPEO\�
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0HFKDQLFDO�$QDO\VLV0HFKDQLFDO�$QDO\VLV��Fermilab

&RLO�$]LPXWKDO�6WUHVV�'LVWULEXWLRQ�&RLO�$]LPXWKDO�6WUHVV�'LVWULEXWLRQ�

300 K 4.2 K

- High prestress at midplane
- Low prestress at pole

- Stress decreases at midplane
- Stress increases at poleOn Cool Down
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0HFKDQLFDO�$QDO\VLV0HFKDQLFDO�$QDO\VLV��Fermilab

&RLO�$]LPXWKDO�6WUHVV�'LVWULEXWLRQ�&RLO�$]LPXWKDO�6WUHVV�'LVWULEXWLRQ�

300 K 4.2 K 11 T 12 T
Coil 80 121 100 104

 Spacer 166 125 97 97
Yoke 110 110 133 133
Clamp 135 124 128 128
Skin 200 330 350 350

11 T

1

2

3

4

Peak Coil Azimuthal Stress, MPa

Peak Equivalent Stress, MPa

300 K 4.2 K 11 T 12 TCoil
position σθ σr σθ σr σθ σr σθ σr

1 69 2 122 0 9 0 -5 0
2 73 2 23 0 82 0 93 0
3 60 35 85 70 51 60 44 50
4 65 40 97 52 93 94 103 100
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0HFKDQLFDO�$QDO\VLV���0HFKDQLFDO�$QDO\VLV��� -  - LQ�LQ�--���'HVLJQ���'HVLJQ��Fermilab

&RLO�$]LPXWKDO�6WUHVV&RLO�$]LPXWKDO�6WUHVV :DUP�<RNH�'HVLJQ��6WUHVV�'LVWULEXWLRQ�:DUP�<RNH�'HVLJQ��6WUHVV�'LVWULEXWLRQ�

����.�����.�

����

����

����

����

Coil Azimuthal Stress
Coil 300 K 4.2 K 12 T
Posiiton M Pa M Pa M Pa
Warm Iron Yoke Design

1 131 118 2.5
2 23 -10 95
3 131 118 2.5
4 23 -10 121

Cold Iron Yoke Design
1 120 132 0
2 60 0 68
3 121 132 -3
4 84 29 125
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0HFKDQLFDO�$QDO\VLV���0HFKDQLFDO�$QDO\VLV��� -  - LQ�LQ�--���'HVLJQ���'HVLJQ��Fermilab

4.2 K4.2 K 12 T12 T

:DUP�<RNH�'HVLJQ��6WUHVV�'LVWULEXWLRQ�:DUP�<RNH�'HVLJQ��6WUHVV�'LVWULEXWLRQ�
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6XPPDU\6XPPDU\��Fermilab

••  Various magnet designs with the same coil block structure haveVarious magnet designs with the same coil block structure have
been studiedbeen studied

••  Mechanical Analysis has shown that the proposed 2 - in - 1Mechanical Analysis has shown that the proposed 2 - in - 1
designs are feasible. Design Optimization is in Progressdesigns are feasible. Design Optimization is in Progress

••  The proposed Coil Fabrication Technique has been successfulThe proposed Coil Fabrication Technique has been successful
implemented with good coil rigidity even after reaction.implemented with good coil rigidity even after reaction.

••  The Coil Impregnation and Magnet Assembly techniques areThe Coil Impregnation and Magnet Assembly techniques are
currently being tested on a practice coil and on a mechanicalcurrently being tested on a practice coil and on a mechanical
model respectively.model respectively.

••  The goal is to start testing the first dipole model by the end ofThe goal is to start testing the first dipole model by the end of
August, 2000.August, 2000.
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$FNQRZOHGJPHQWV$FNQRZOHGJPHQWV��Fermilab

G. Ambrosio, N. Andreev, T. Arkan, E. Barzi, V. Kashikhin,
P. Limon, A. Makarov, J. Ozelis, I. Terechkine, J. Tompkins,
S. Yadav, R. Yamada, V. Yarba, A.V. Zlobin  - FERMILAB

S. Caspi, R. Scanlan - LBNL

M. Wake - KEK


